objective. The Center for Disease Control and Prevention recommends the use of QuantiFERON TB Gold test (QFTG; Cellestis) in all situations where the tuberculin skin test (TST) is used. In November 2007, our institution replaced its screening-tool TST with the QFTG in-tube assay (QFT-GIT) for annual screening of latent tuberculosis infection among healthcare workers (HCWs). This study evaluated the effectiveness of QFT-GIT test as screening tool in HCWs at our institution. conclusions. The disagreement between QFT-GIT and TST results and the high reversion rate with QFT-GIT raise concerns about the effectiveness of QFT-GIT as a sole screening test in HCWs.
Screening healthcare workers (HCWs) for latent tuberculosis infection (LTBI) and active tuberculosis (TB) is well known infection control practice in the hospitals across the United States. Despite its drawbacks (ie, cross-reactivity with bacille Calmette-Guérin [BCG] and nontuberculous mycobacteria), the tuberculin skin test (TST) has been traditionally used for many years for detection of LTBI in HCWs. 1 Recently, in vitro T cell-based assays called interferon (IFN)-g release assays (IGRAs) were developed to overcome the limitations of TST. These assays work on the premise that T cells previously sensitized to TB antigens produce high levels of IFN-g when re-exposed to the same mycobacterial antigens. 2 Two such tests include the QuantiFERON-TB Gold assay (QFT-G; Cellestis) and T-SPOT.TB (Oxford Immunotec) enzyme-linked immunosorbent sport assay. With the QFT-G, blood samples are mixed with antigens and controls. The antigens include mixtures of synthetic peptides representing 2 Mycobacterium tuberculosis proteins, ESAT-6 and CFP-10, which are not found in BCG vaccine and many nontuberculous mycobacterial species. After incubation of the blood with antigens for 16-24 hours, the amount of IFN-g is measured. 3 The major advantages of the QFT-G include its high specificity and that the results are unaffected by BCG vaccination. 4 The other advantages are that it requires a single patient visit, it is not subject to reader bias, and it does not boost responses measured by subsequent tests, which can happen with TST.
In 2005, the Centers for Disease Control and Prevention (CDC) recommended the use of the QFT-G test in all situations in which a TST is used, including screening of HCWs. 5 In November 2007, our institutional occupational health program replaced its TST screening tool with the QuantiFERON TB Gold in-tube assay (QFT-GIT; Cellestis) for annual screening of LTBI among HCWs. The QFT-GIT is a newer-generation QFT-G test that measures IFN-g production by T cells during in vitro stimulation with 3 peptides of the M. tuberculosisspecific antigens ESAT-6, CFP-10, and TB7.7. The performance of the QFT-G among HCWs has been studied in other countries 6, 7 ; however, there are limited data on its performance among HCWs in the United States. 8 Therefore, we evaluated the effectiveness of the QFT-GIT test as screening tool at our institution.
methods

Design
This retrospective chart review study was approved by the University of Illinois College of Medicine at Peoria Institutional Review Board. We collected data from the medical In accordance with the protocol, HCWs with an initial positive QFT-GIT test (QFT-GIT1) result underwent evaluation to exclude active TB infection by history, physical examination, and chest radiography. Their health records were checked for previous TST status. If the TST history (hTST) was negative or unknown or if the person was allergic, and if active TB infection had been excluded, the HCW underwent repeated testing with QFT-GIT (QFT-GIT2) and simultaneously with TST. The majority of the HCWs received these tests within 4 weeks of QFT-GIT1 at the same system laboratory. HCWs with positive QFT-GIT1 test results and positive hTST results did not undergo repeated testing. Similarly, no additional tests were performed for HCWs with a negative QFT-GIT1 test result. The 1-step TST was done with Tubersol, in accordance to the CDC guidelines. A 2-step TST was done if the HCWs had not been previously tested with TST.
Statistical Methods
The conversion rate for the LTBI was calculated as a proportion of HCWs screened who had positive QFT-GIT1 results and had a negative, unknown, or allergic hTST result. Additional testing with QFT-GIT2 was performed for HCWs who had positive QFT-GIT1 and negative, unknown, or allergic hTST results. The reversion rate was calculated as the proportion of HCWs who had a positive QFT-GIT1 result but a negative QFT-GIT2 result. The mean IFN-g response level for HCWs whose results remained positive (positive QFT-GIT1 and QFT-GIT2 results) was calculated and compared with those whose results reverted (positive QFT-GIT1 figure 2. Interferon-g level comparison for healthcare workers whose QuantiFERON-TB Gold In-Tube (QFT-GIT; Cellestis) test results reverted from positive to negative (QFT-GIT1ϩ/QFT-GIT2Ϫ) and for those whose results remained positive (QFT-GIT1ϩ/QFT-GIT2ϩ). results and negative QFT-GIT2 results) using an independent sample t test. Similarly, the mean IFN-g levels for the HCWs with positive QFT-GIT1 and positive hTST results was calculated and compared with HCWs who had positive QFT-GIT1 and negative hTST results using an independent sample t test. Box plots were used to compare the IFN-g response level distribution among the aforementioned groups. We also compared the mean IFN-g levels between QFT-GIT1 and QFT-GIT2 in HCWs whose results reverted and whose results remained positive after repeated testing using a paired sample t test. A P value of less than .05 was considered to denote statistical significance. All calculations were done using SPSS software, version 17.0 (SPSS).
results
A total of 6,530 HCWs were screened over a period of 1 year from January 1, 2008, to December 31, 2008, with the QFT-GIT test. Of the 6,530 HCWs tested, a positive QFT-GIT test result was noted for 287 (4.4%), a negative test result was noted for 6,243 (95.5%), and an indeterminate result was noted for 58 (0.88%) (Figure 1 ). Among the 287 HCWs who had positive QFT-GIT test results, only 123 (42.7%) had a positive hTST result. All 123 HCWs underwent assessment, and active TB infection was ruled out. Of the remaining 164 HCWs, 146 had a negative hTST results, 13 had unknown TST status, and 5 had a history of allergic reaction to TST. The conversion rate for LTBI with the QFT-GIT1 test was 2.5% (164 of 6,530 HCWs). This conversion rate of 2.5% was extremely high for our institution, compared with previous TST experience, and represented a 25-fold increase. The typical conversion rate with TST at our institution has been less than 0.1% per year.
Of these 164 HCWs, 135 returned for follow-up and underwent complete assessment via the occupational health program, including history, physical examination, and chest radiography, to exclude active TB infection. The remaining 29 HCWs were lost to follow-up. Among the 135 HCWs, 130 had a negative hTST result, 2 had unknown TST status, and 3 had a history of allergic reaction to TST. The evaluation for active TB in all 135 HCWs yielded negative results. In addition to this assessment, these 135 HCWs underwent QFT-GIT2 testing, and 130 of the 135 had the TST performed at the same time. The TST was not performed for 3 HCWs because of allergy to TST and in 2 HCWs for unknown reasons.
The demographic characteristics of the 135 HCWs who underwent additional testing are listed in Table 1 The mean IFN-g response level was calculated for those whose QFT-GIT results reverted to negative and for those whose results remained positive. The mean IFN-g response level for those whose results reverted was 0.69 IU (95% CI, 0.56-0.82), whereas for those whose results remained positive, it was 1.28 IU (95% CI, 0.88-1.67). The difference in the mean values was statistically significant (P p .007).
We also compared the mean IFN-g response level in HCWs who had positive results of both QFT-GIT1 and hTST and in HCWs who had positive QFT-GIT1 results and negative hTST results. The mean IFN-g response level in HCWs with positive hTST results was 3.92 IU (95% CI, 3.21-4.63), whereas HCWs with negative hTST results had a mean response level of 0.96 IU (95% CI, 0.76-1.16). Again, the difference in the mean values was statistically significant (P ! .001).
Then we compared the IFN-g response level distribution in HCWs whose QFT-GIT test results reverted from positive to negative with those whose results remained positive ( Figure  2) . A box plot was used for interpretation. We also compared the IFN-g level distribution in HCWs who had positive results of both QFT-GIT1 and hTST with HCWs who had positive QFT-GIT1 test results and negative hTST results (Figure 3) .
On comparing the IFN-g levels (Tables 2 and 3 ) between QFT-GIT1 and QFT-GIT2, there was a significant difference (P ! .001) in the mean levels among the HCWs whose results reverted. The mean IFN-g level for QFT-GIT1 was 0.69 IU, and for QFT-GIT2 it was 0.08 IU. Among HCWs whose results did not revert, there was no significant difference (P p .57) in mean IFN-g levels. The mean IFN-g level for QFT-GIT1 was 1.27 IU, and for QFT-GIT2 it was 1.19 IU.
Our institution's direct costs were $436,096 for screening 6,530 HCWs with QFT-GIT, and the cost for the same HCWs if they had been screened with TST would have been $78,360. In addition to the screening costs, other indirect costs were observed because of the need for more intense testing and follow-up visits for HCWs with positive QFT-GIT test results. This included performing confirmatory TSTs, additional chest radiographs, extra nurse assessments, and supplemental provider examinations. Our total direct cost outlay was $521,890 for 6,530 HCWs, resulting in a per-person cost of $79.92 per HCW.
discussion
To our knowledge, this is the first study performed in the United States to completely replace the TST with QFT-GIT for screening of HCWs in such a massive scale. Although the QFT-GIT test has many attractive features, our study results demonstrate the problems associated with it when used as the sole screening test. We had an unexpectedly high number of LTBI-positive results with the QFT-GIT, compared with the TST. We had expected that the QFT-GIT would reduce overestimations of LTBI; instead, our study yielded the opposite result, with a 25-fold increase in the number of LTBI cases, compared with TST. This concern was mentioned in the Canadian Tuberculosis Standards, 2007 edition, which noted, "Use of IGRA in screening low-prevalence populations may lead to a significant number of positive IGRA tests. The significance of such positive tests in a population at low risk
is not yet known; this will make interpretation and management difficult." 9, p71 The reason for a high positive rate with QFT-GIT in our HCWs is unclear. One possibility to consider is whether recurrent TST testing as a part of routine annual screening led to development of a positive QFT-GIT test result. The other problem was high reversion rate (48.9%) with QFT-GIT in this study, supporting concerns about the reproducibility of results with serial testing. 10 Our results show that HCWs whose results reverted had a mean IFN-g level of 0.69 IU/mL, which is close to the cutoff value (0.35 IU/ mL), compared with a mean IFN-g level of 1.28 IU/mL for those whose results remained positive. These results agree with previous studies which demonstrated that reversion rates are high when there is discordance between TST and QFT-GIT and when the IFN-g responses are close to the cutoff value.
11 Our results also demonstrate disagreement between the two screening tests (TST and QFT-GIT). So, in the absence of the gold standard test for LTBI, the disagreement between QFT-GIT and TST along with high reversion rate with QFT-GIT raise significant concerns about the effectiveness of QFT-GIT as sole screening test. The high conversion rate not only lead to fear and confusion, but it also resulted in significant costs, time, and evaluation-related work for positive cases. The other problem was the high reversion rate among these converters when the QFT-GIT was repeated, with a significant difference in the mean IFN-g levels between QFT-GIT1 and QFT-GIT2 (0.69 vs 0.08 IU/mL). So, what to make of these reversions?
Another important result in our study is that there is statistically significant difference in mean IFN-g level between HCWs who had positive results of both QFT-GIT1 and hTST tests and those who had positive QFT-GIT1 test results and negative hTST results (3.92 vs 0.96). When the distribution of IFN-g level was compared (Figure 3) , we noticed that, in more than 50% of HCWs who had positive results of both tests, the level was greater than 1 UL/ml, whereas in HCWs with positive QFT-GIT1 test results and negative hTST results, more than 50% of had a level less than 1 UL/mL. Similarly, when the distribution of IFN-g level was compared for HCWs whose results reverted versus those whose results remained positive (Figure 2) , the HCWs whose results reverted had results close to the cutoff value. This raises the question of whether we need a higher cutoff value for a positive QFT-GIT test result, given the low prevalence of TB in the United States. Higher cutoff values in low-prevalence populations may decrease the high positive QFT-GIT test result rate and, at the same time, decrease the reversion rate.
The next issue is the cost effectiveness of QFT-GIT. Some studies demonstrate that using QFT-GIT in place of TST is cost effective 12 but others demonstrate that the most costeffective use of QFT-GIT is to test TST-positive persons. 13 As mentioned in our results section; we had increased cost which was not anticipated as we were expecting a lower number of positives with QFT-GIT. With our experience, we conclude that the most cost effective strategy is to test TST positive persons with QFT-GIT rather than completely replacing the TST with QFT-GIT in screening HCWs, especially in low TB prevalent regions of the world. With these outcomes, our institution decided to go back to the TST method for annual screening instead of using the QFT-GIT.
The main limitation of this study is its focus on the data for subjects with positive QFT-GIT1 test results and negative hTST results; it does not focus on subjects with positive hTST results and negative QFT-GIT1 results, which we did not investigate. The second limitation is that we compared QFT-GIT performance with TST performance in the absence of a gold standard test for LTBI. There is no gold standard test for LTBI. The third limitation is that the QFT-GIT results were not retested using the same specimen in the laboratory. Another limitation is that we did not follow up on HCWs who had indeterminate results. Their status may have been clarified if they had undergone additional QFT-GIT testing.
This large-scale study shows that QFT-GIT holds promise in helping supplement TB screening in healthcare settings, but it does not show promise in fully replacing the traditional TST screening method. At this time, many healthcare organizations are wondering whether they should replace their traditional TST with QFT-GIT methodology in TB screening of HCWs. Our outcomes with QFT-GIT versus TST do not support such a change because of the high cost and variability of serial QFT-GIT testing. This is especially true in the first year of switching from TST to QFT-GIT. There is a significant cost and clinical learning curve that needs to be overcome when understanding cutoff levels in low prevalence populations. QFT-GIT may be more appropriately used as an additional tool when trying to make clinical decisions in highrisk populations, such as BCG-vaccinated individuals from locations where TB is endemic. More prospective studies need to be performed to know the true effectiveness of QFT-GIT as a screening tool, especially in populations with a low prevalence of TB.
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